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Abstract

Purpose: The aim of this study was to assess the vancomycin MIC distribution for MRSA blood culture
isolates over a period of six years in Germany.

Methods: The study examined 287 MRSA isolates from blood cultures collected at several hospitals in
two German cities between 2004 and 2009. The vancomycin MIC was determined by Etest. Genotypic features
of the MRSA strains with vancomycin MIC >1 mg/L were determined by semiautomated repetitive-sequence-
based polymerase chain reaction.

Results: The range of vancomycin MIC as determined by Etest was 0.25 to 2.0 mg/L. The geometric
mean MIC increased by 1.34-fold in city A over the study period (p<0.05), but there was no meaningful change
in city B (a 1.09-fold increase, p>0.05). Furthermore, in city A a shift in vancomycin MICs occurred as an
increase in the percentage of isolates with MIC >1 mg/L from period one (2004-2006) to period two (2007-2009)
(p<0.0001). Typing results showed that in city A a single clone was predominant (55% of the creep isolates).

Conclusions: In this study, the creep phenomenon seems to be a regional problem. We suggest that all

hospitals should monitor their local status of elevated vancomycin MICs in invasive MRSA isolates.
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Introduction

Staphylococcus aureus is among the most common pathogens causing hospital- and community-
acquired infections and is one of the leading causes of sepsis worldwide. In Europe, S. aureus is the second most
common causative organism for bacteraemia [1]. Adequate and early antibiotic therapy is a crucial factor in the
prognosis of sepsis [2-4]. The antibiotic treatment of S. aureus infections is complicated by the increasing
prevalence of methicillin-resistant S. aureus (MRSA) [1, 5]. Infections caused by MRSA are associated with a
higher mortality rate than are those associated with methicillin-susceptible S. aureus (MSSA) [6, 7], and they
require a longer hospital stay and higher costs. In the United States, nearly half of all S. aureus isolates from
patients are MRSA [8], whereas in Germany approximately 20% of such isolates are MRSA [9].

The first antibiotic agent and today still the gold standard for the treatment of invasive MRSA infections
is the glycopeptide vancomycin. The first isolate with reduced vancomycin susceptibility (minimum inhibitory
concentration [MIC], 8 mg/L) was reported in Japan in 1997 [10]. Only a few strains of vancomycin-resistant S.
aureus (VRSA) and vancomycin-intermediate S. aureus (VISA) have been reported to exhibit resistance to
vancomycin [11, 12]. Nevertheless, the number of patients for whom vancomycin therapy fails is increasing,
even though their S. aureus strains have been found to be susceptible to vancomycin in vitro (MIC <2 mg/L)
[13-15]. Having analyzed clinical and microbiological data, several groups of researchers have concluded that
increasing vancomycin MICs in MRSA are associated with a substantial risk of treatment failure and with
increased mortality rates [14-17].

Several studies have demonstrated that the mean vancomycin MIC in MRSA has increased in recent
years [18-21], but other studies have not confirmed this finding [22, 23]. The observation that vancomycin MICs
are increasing within the susceptible range of MRSA is called the creep phenomenon.

As a result of published reports showing that vancomycin therapy fails for patients who have S. aureus
infections with a MIC >4 mg/L, the Clinical and Laboratory Standards Institute (CLSI) reduced the pre-2006
vancomycin breakpoints from <4 mg/L to <2 mg/L for susceptible S. aureus and from >32 mg/L to >16 mg/L for
resistant S. aureus [24]. Some experts believe that these breakpoints are still too high and that a further reduction
is necessary to prevent a higher risk of therapy failure for MRSA creep strains and to anticipate future MIC creep
trends [25].

Only a few studies have examined the creep phenomenon in Europe, and to the best of our knowledge
no studies have examined the creep phenomenon in Germany. Thus, the aim of this study was to analyze the

vancomycin MIC distribution in MRSA blood culture obtained over a period of six years in western Germany.



Material and methods

Isolates

In this study we analyzed MRSA blood culture isolates obtained from patients in several hospitals in
two cities of the Ruhr region of North Rhine Westphalia between January 2004 and December 2009. Only one
isolate per patient was tested. For those patients with more than one isolate, only the first isolate was analyzed.
In all, 133 isolates were collected from a tertiary-care hospital in Essen (city A) and 154 from four secondary-
care hospitals in Bochum (city B). The two cities are separated by approximately 15 km. Of the 287 isolates, 44
were collected in 2004, 49 in 2005, 59 in 2006, 54 in 2007, 54 in 2008, and 27 in 2009. All isolates were
identified as S. aureus by conventional standardized laboratory methods (e.g., growth conditions, morphological
criteria, pigment production) and by one of two semiautomated systems: Vitek® 2 (bioMérieux, Nirtingen,
Germany) or MicroScan® Walkaway (Siemens, Erlangen, Germany). These same commercial systems were also
used for susceptibility testing of oxacillin. Individual isolates were then frozen at -80°C until MIC testing was

performed.

Vancomycin MIC analysis

Vancomycin MIC testing was performed by the Etest method, according to the manufacturer’s
guidelines. A suspension in saline to the 0.5 McFarland turbidity standard was plated on Mueller-Hinton agar,
and Etest strips were applied (AB BIODISK, Solna, Sweden, now distributed by bioMérieux). The plates were
incubated at 35°C for 24 hours. MIC was interpreted as the zone of inhibition corresponding to a concentration
gradient on the Etest strips, according to the manufacturer’s guidelines. Quality control was performed with the

CLSI-recommended reference strain (ATCC 29213).

Data analysis and statistical methods

The MICso, MICgyy, MIC range, and geometric mean MIC were evaluated. All calculations were performed for
each year, using only those isolates collected in that calendar year. Non-parametric methods (Spearman
correlation and chi-square test) were used to asses MIC trends over 6 years. Statistical significance was defined a
priori as p<0.05. Statistical analyses were performed with GraphPad Prism, version 5.02 (GraphPad Software,

Inc, San Diego, CA, USA).

Genotyping



Isolates were typed with the semiautomated repetitive-sequence-based polymerase chain reaction (PCR)
DiversiLab system (bioMérieux), according to the manufacturer’s instructions. Genomic DNA isolation of
MRSA isolates was performed with the Mo Bio Ultra Clean preparation kit (bioMérieux). After DNA extraction,
the concentration was quantified with a nanodrop1000 spectrometer (Peglab, Erlangen, Germany) and software
version 3.7.1. Genomic DNA concentrations were adjusted to approximately 25 ng/pL as recommended by the
manufacturer. The bacterial DNA was amplified with the DiversiLab Staphylococcus aureus kit (bioMérieux)
for DNA fingerprinting. In brief, 25 ng of DNA, 2.0 uL of the rep-PCR primer mixture provided with the Kits,
0.5 puL of AmpliTag® (Applied Biosystems, Foster City, CA, USA), 2.5 uL of 10x PCR buffer (Applied
Biosystems), and 18 uL of the kit-supplied rep-PCR master mix (MM1) were added, for a total of 25 uL per
reaction mixture. Thermal cycling parameters were as follows: initial denaturation at 94°C for 2 min; 35 cycles
of denaturation at 94°C for 30 s; annealing at 45°C for 30 s; extension at 70°C for 90 s; and final extension at
70°C for 3 min. Separation and detection of the amplified fragments of various sizes and fluorescence intensities
were performed by using the micro-fluid chips of the DiversiLab system and a model B 2100 bioanalyzer
(Agilent Technologies, Santa Clara, CA, USA). The results were illustrated with the Web-based DiversiLab
software version v.r.3.3.40, which uses the Pearson correlation coefficient and the unweighted-pair group
method with arithmetic mean to analyze and determine the genetic similarity of the tested samples. Dendrogram
and virtual gel images were automatically generated by the software. Cluster analysis, based on peak height and
on the presence and absence of the peaks, was performed with DiversiLab. Percentage similarity for genotyping

and discrimination of MRSA isolates with vancomycin MIC >1 mg/L was set at a cut-off of 96%.



Results

This study analyzed a total of 287 blood culture isolates collected from 287 patients in two German
cities over a period of six years between 2004 and 2009. All MRSA isolates from both cities were tested as
vancomycin-susceptible in vitro. The vancomycin MIC ranged from 0.25 to 2.0 mg/L (Table 1A and 1B). For
the isolates from city A, the geometric mean vancomycin MIC increased by 1.34-fold during the study period:
from 0.59 mg/L in 2004 to 0.79 mg/L in 2009 (p=0.042) (Figure 1A). In contrast, the geometric mean
vancomycin MIC for the isolates from city B exhibited only a slight increase (1.09-fold; not statistically
significant) during the study period: from 0.47 mg/L in 2004 to 0.51 mg/L in 2009 (p>0.05) (Figure 1B). For the
isolates from city A, the percentile markers for MICs, increased from 0.5 mg/L to 0.75 mg/L, and those for
MICy, increased from 0.75 mg/L to 1.0 mg/L. For city B, in contrast, the percentile markers for MICs, (0.5
mg/L) and MICgy (0.75 mg/L) remained unchanged during the study period. The increase in the mean
vancomycin MIC in city A was primarily due to a significant increase in the percentage of isolates with a MIC
>1 mg/L from period one (2004-2006) to period two (2007-2009) (p<0.0001). The fraction of these isolates with
a MIC >1 mg/L increased from 6.7% in 2004 to 20.8% in 2007 and 35.7% in 2009, whereas only two of the
isolates from city B had a vancomycin MIC >1 mg/L.

All MRSA isolates with a vancomycin MIC >1 mg/L were typed with the semiautomatic sequence-
based PCR DiversiLab system. This testing included 18 MRSA isolates from city A and two isolates from city
B. Eleven of these 20 isolates, all from city A, exhibited a similarity of 96% or higher, a finding indicating a
clonal evolution in these isolates; this evolution involved 55% of all isolates with a MIC >1 mg/L (Figure 2).
The first of these isolates was obtained from a patient treated in 2004; the last, from a patient treated in 2009.
The isolates were obtained from patients hospitalized in different clinical departments. The two isolates from

city B did not belong to this clonal cluster.



Discussion

This study analyzed the vancomycin MIC of 287 MRSA blood culture isolates collected in several
hospitals in two German cities between 2004 and 2009. The vancomycin MICs for MRSA blood culture isolates
from city A increased significantly over the study period, but there was no significant increase in vancomycin
MICs for MRSA blood culture isolates from city B. To the best of our knowledge, this study is the first to
analyze the existence of a vancomycin creep phenomenon for MRSA in Germany. Typing of the isolates with a
vancomycin MIC >1 mg/L showed that a single clone was predominant and was responsible for 55% of these
isolates.

The interest in analyzing vancomycin MICs is not only originated from concern that a further creep
could shift MICs into the non-susceptible zone. There have been several reports of treatment failure against
vancomycin-susceptible isolates [14-16, 26-28]. Patients with a MRSA bloodstream infection with an elevated
vancomycin MIC (>1.5 mg/L) were reported to have a longer duration of bacteraemia, a higher probability of
recurrent bacteraemia within 60 days after vancomycin discontinuation, and a longer hospital stay [26]. The
likelihood of treatment success was significantly lower for patients with MRSA isolates with a vancomycin MIC
of 1 to 2 mg/L than for patients with a vancomycin MIC <0.5 mg/L [27]. Treatment with vancomycin was
successful for 55.6% of the patients with a vancomycin MIC <0.5 mg/L but for only 9.5% of those with a
vancomycin MIC of 1 to 2 mg/L [27].

The phenomenon of an increasing vancomycin MIC for MRSA has been demonstrated by several
single-centre studies in the United States [18-20] and by a study from the health care region of Hong Kong [21].
An examination of the extent of the vancomycin creep found a more than three-fold increase in the proportion of
strains with MIC = 1 mg/L [18, 19]. During the same period, the proportion of strains with MIC <0.5 mg/L
showed a decrease of a similar proportion [19]. Wang et al. found only a small increase in the proportion of
strains with MIC >2.0 mg/L [19], and Steinkraus et al. found no non-susceptible strains [18]. Our findings
regarding the isolates from city A agree with these results: we found an increasing proportion of strains with
vancomycin MICs >1 mg/L and a decreasing proportion of strains with MICs <0.5 mg/L; in addition, we found
no intermediate strains (MIC >2 mg/L and <4 mg/L). In contrast to the findings of reported studies, we also
found increasing percentile markers of MICsy and MICy, for the isolates from city A.

The isolates from city B did not show a relevant increase in vancomycin mean MIC or in MICs, or
MICgy. These results are consistent with those of a multi-centre study of nine US medical centres that found no
increase in vancomycin MIC for all sites between 1999 and 2006. Vancomycin MIC increased at three sites but

decreased at three other sites [22]. A survey from Spain found no MIC creep in MSSA or MRSA isolates from



2002 to 2006 [23]. Also, the SENTRY Antimicrobial Surveillance Program database for the years 1998 to 2003,
which included 35,458 MSSA and MRSA isolates, found no change in vancomycin MIC over the study period
[28].

However, the question of why a creep phenomenon has been detected at some centres but not all has not
yet been sufficiently answered. Because of the heterogeneity of the studies performed to date, a direct
comparison is difficult. The studies differ in the periods analyzed, the methods used for susceptibility testing
(Etest vs. broth dilution), and the type of isolates analyzed (MRSA vs. MSSA and blood culture vs. all clinical

isolates).

The two methods primarily used in previously published to analyze the vancomycin MIC in MSSA and
MRSA, Etest and broth dilution, yielded different results. The findings generated by Etest were a single two-fold
dilution higher than those generated by CLSI broth dilution [30]. The Etest method is more sensitive in detecting
small vancomycin MIC changes than the broth dilution method, provided that the traditional two-fold dilution
MIC testing is performed. The studies that did not find a vancomycin MIC creep used primarily the broth
dilution method, whereas most studies that did find a vancomycin MIC creep used the Etest method [18-21]. The
Etest method appears to be more reliable than the broth dilution and semiautomated systems in correlating
treatment response and an elevated MIC >1 mg/L [31].

Unfortunately, most studies describing a vancomycin MIC creep phenomenon did not analyze the
strains with a high vancomycin MIC by molecular typing methods to determine whether the creep was due to a
dissemination of clonal MRSA clusters. Recently, Ho et al. reported their finding of an increased percentage of
clones that lead to a vancomycin creep among MRSA blood culture isolates in Hong Kong [21]. We used
molecular typing by DiversiLab and found that a single predominant clone accounted for 55% of the isolates
with a vancomycin MIC >1 mg/L. Interestingly, a recent molecular-epidemiological study of the geographic
distribution of invasive MSSA and MRSA isolates in Europe showed a restriction on only a few predominant
MRSA clones that clustered regionally [32]. In that study, multilocus sequence typing demonstrated that, in the

analyzed regions in Germany, two MRSA spa types were responsible for more than 60 % of invasive isolates.

Because existing findings indicate that the probability of therapy failure is higher for invasive MRSA
infections caused by strains with an increased vancomycin MIC, and because a creep phenomenon appears to
exist in some regions, we suggest that every medical centre should examine the local situation of vancomycin

MICs in MRSA isolates from blood cultures by Etest. Furthermore, if a vancomycin MIC creep is found in



MRSA strains in the patient population of a medical centre, the centre’s decision-makers should include in their
discussions about the appropriate therapy the main risk factors associated with the patients’ acquisition of MRSA
with elevated vancomycin MICs. Those factors are exposure to vancomycin during the past month and the
collection of the isolate while the patient is in an ICU [33]. Increasing the dosage of vancomycin given to MRSA
patients with elevated vancomycin MICs does not seem to improve outcome; instead, it may impair renal
function, particularly when patients are concurrently taking a nephrotoxic medication [29]. For invasive MRSA
infections with strains that have an elevated vancomycin MIC, physicians might consider an alternative therapy,
such as daptomycin or linezolid, both of which have been reported to exhibit high in vitro activity [34, 35] and to
be effective in treating invasive MRSA infections in clinical trials [35-37].

This study is limited by the fact that it examined MRSA blood culture isolates from only two cities in
the Ruhr area; therefore, the findings may not be representative of all of Germany. Another limitation is the lack
of clinical information about the outcome of the patients. Nevertheless, this is not a clinical trial but is rather an
epidemiological study analyzing the vancomycin MIC.

In summary, this study compared the vancomycin MIC distribution in two German cities. A
vancomycin MIC creep phenomenon was detected at one site on the basis of a significant increase in the number
of isolates with a MIC of 1 mg/L or higher. Typing showed that a single clone was predominant for 55% of these
isolates. The vancomycin MIC creep phenomenon seems to be a regional problem and we suggest that all
hospitals should monitor their local status of elevated vancomycin MICs in invasive MRSA isolates. More

studies will be necessary to verify our observation and to confirm the situation in the entire country of Germany.
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Table 1A. Methicillin-resistant Staphylococcus aureus (MRSA) vancomycin MIC statistics for city A

Isolates from city A

Year Number of Geometric mean MIC range MICsq MICgyq MIC >1 mg/L
strains [mg/L] [mg/L] [mg/L] [mg/L] [%0]
2004 15 0.59 0.38-1.0 0.5 0.75 6.67
2005 24 0.63 0.25-1.0 0.75 0.75 4,17
2006 30 0.56 0.38-1.0 0.5 0.75 3.33
2007 24 0.66 0.25-1.5 0.75 1.0 20.83
2008 26 0.75 0.38-2.0 0.75 1.0 23.08
2009 14 0.79 0.5-1.5 0.75 1.0 35.71

MIC: Minimum inhibitory concentration
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Table 1B. Methicillin-resistant Staphylococcus aureus (MRSA) vancomycin MIC statistics from city B

Year

2004

2005

2006

2007

2008

2009

MIC: Minimum inhibitory concentration

Number of

strains

29

25

29

30

28

13

Geometric mean
[ma/L]

0.47

0.44

0.48

0.46

0.46

0.51

Isolates from city B
MIC range

[mg/L]

0.25-0.75

0.25-0.75

0.25-1.0

0.25-0.75

0.38-0.75

0.38-1.0

MICs

[mg/L]

0.5

0.38

0.5

0.5

0.5

0.5

MICg

0.75

0.75

0.75

0.5

0.5

0.75

MIC >1 mg/L
[%0]

0

3.45

7.69
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Figure 1A. Vancomycin minimum inhibitory concentration (MIC) trends from city A, 2004-2009
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Figure 1B. Vancomycin minimum inhibitory concentration (MIC) trends from city B, 2004-2009
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Figure 2. Dendrogram and gel images for methicillin-resistant S. aureus (MRSA) creep isolates with
vancomycin MIC >1 mg/L
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Dendrogram and gel images show clusters of methicillin-resistant S. aureus (MRSA\) isolates. The horizontal bar
at the bottom left indicates the percent similarity coefficient within the strains. For genotyping, a cut-off of 96%

similarity (vertical line) was defined.



